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Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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NATIONAL FOREWORD 

This Indian Standard (Part 21) which is identical with ISO 8894-1 : 1987 'Refractory materials — 
Determination of thermal conductivity — Part 1: Hot-wire method (cross-array)' issued by the 
international Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards 
on the recommendation of the Refractories Sectional Committee and approval of the Metallurgical 
Engineering Division Council. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used In Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current 

practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to the following International Standard for which Indian 
Standard also exists. The corresponding Indian Standard, which is to be substituted in its place, is 
listed below along with its degree of equivalence for the edition indicated: 



International Standard 

ISO 5022 : 1979 Shaped refractory 
products — Sampling and acceptance 
testing 



Corresponding Indian Standard 

IS 1528 (Part 7) : 1974 Methods of 
sampling and physical tests for refractory 
materials: Part 7 Methods of sampling 
and criteria for conformity {first revision) 



Degree of 
Equivalence 

Technically 
Equivalent 



For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 
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Indian Standard 

METHODS OF SAMPLING AND PHYSICAL TESTS 
FOR REFRACTORY MATERIALS 

PART 21 DETERMINATION OF THERMAL CONDUCTIVITY ACCORDING TO 
HOT-WIRE METHOD (CROSS-ARRAY) 



1 Scope and field of application 

1 . 1 This part of ISO 8894 specifies a hot-wire method for the 
determination of the thermal conductivity of refractory prod- 
ucts and materials. 

1 .2 The method Is applicable at temperatures not higher than 
1 250 °C and to materials whose thermal conductivity is less 
than 1,5 W/(m.K) and whose thermal diffusivity is lesa than 
10'«m2/s. 

1 .3 Subject to the limits in 1 .2, the method is applicable to 
powdered or granular materials (but see 5.7 and 7.3). 

NOTE — The thermal conductivity oi bonded bricks and of prepared 
unshaped (monolithic) refractories may be affected by an appreciable 
amount of water that is retained after hardening and setting and is 
released on firing. These materials may therefore require pre- 
treatment; the nature and extent of such pre-treatment and the period 
for which the test piece is held at measurement temperature, as a 
preliminary to the performance of the test, are details that are outside 
the scope of this part of ISO 8894 and should be agreed between the 
interested parties. 

1 .4 The method is not applicable to refractory materials con- 
sisting of or containing fibres. 

NOTE — Consideration is being given to adapting the method for use 
with fibrous materials. 

1.5 The determination of the thermal conductivity of refrac- 
tory materials by the parallel hot-wire method will be subject of 
ISO 8894/2. 



2 Reference 

ISO 5022, Shaped refractory products — Samp/ing and accep- 
tance testing. 



3 Definitions 

3.1 thermal conductivity. A: Density of heat flow rate 
divided by temperature gradient. 

The unit of thermal conductivity is the watt per metre kelvin. 



3.2 thermal diffusivity, a: Thermal conductivity divided by 
heat capacity per unit volume. 

The unit of thermal diffusivity is the metre squared per second. 

3.3 heat capacity per unit volume: Heat capacity divided 
by volume. 

The unit of heat capacity per unit volume is the joule per metre 
cubed kelvin. 

NOTE — This is equivalent to the heat capacity per unit mass of the 
material multiplied by the bulk density. 



4 Principle 

Heating of a test piece in a furnace to a specified temperature 
and maintaining at that temperature. Further local heating by a 
linear electrical conductor (the hot wire) embedded in the test 
piece and carrying an electrical current of known power that is 
consistent in time and along the length of the test piece. 
Calculation of the thermal conductivity from the known power 
input to the hot wire and its temperature at two known intervals 
of time after the heating current is switched on, the variation in 
temperature of the hot wire being a function of the thermal 
conductivity of the materials of the test piece. 



5 Apparatus 

5.1 Furnace, capable of taking one or more test assemblies 
up to a maximum of 1 250 °C. The temperature at any two 
points in the region occupied by the test pieces shall not differ 
by more than 10 °C. The temperature in that region during a 
test (about 15 min) shall not vary by more than 0,5 °C and shall 
be known with an accuracy of ± 5 °C. 

5.2 Hot wire, preferably of platinum or platinum/rhodium, 
about 200 mm in length and not exceeding 0,5 mm in diameter, 
the length being known to within ± 0,5 mm. 

NOTE — A hot wire made of base metal is also permitted for use at 
temperatures below 1 000 °C. 

5.3 Power supply to the hot wire, either a.c. or d.c, and 
not varying in power during the period of rheasurement by 
more than 2 %. 
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5.4 Measuring crosspiece, formed by the hot wire and the 
platinum/platinum-rhodium thermocouple which is welded to it 
at its centre. The limbs of the thermocouple shall be at right 
angles to the hot wire (see figures 1 and 2). The maximum 
diameter of the limbs of the thermocouple shall be not greater 
than the diameter of the hot wire (to minimize loss of heat at 
the measuring point by conduction). 

5.5 Measuring circuits: To each end of the hot wire are 
welded two wires of the same type (of a diameter greater, if 
possible, than that of the hot wire itself), one to supply the 
heating current and the other for the measurement of voltage 
drop. The thermocouple welded to the centre of the hot wire 
(see 5.4) is connected in opposition to a reference thermo- 
couple to allow the temperature changes to be measured. The 
wires are long enough to reach outside the furnace, where con- 
nections to the measuring apparatus may be made by wires of a 
different type. 

5.6 Measuring apparatus (see figure 3) 

5.6.1 The voltage drop between the ends of the hot wire shall 
be measured with an accuracy of + 0,5 % . As an alternative to 
the measurement of the voltage drop, the resistance of the hot 
wire may be measured, with the same accuracy; if the total 
temperature rise exceeds 15 °C, it is necessary to allow for the 
variation in the resistance of the hot wire with temperature (see 
7.9). 

5.6.2 The current through the hot wire shall be measured with 
an accuracy of + 0,5 %. 

5.6.3 The apparatus for measuring the temperature of the hot 
wire shall have a sensitivity of 10 [iV/cm, with an accuracy of 

1 %. 

5.7 Containers for powdered granular material, if the 

test is performed on such material, having internal dimensions 
equal to those specified for solid test piece sections in 6.2, so 
that the "test piece" consists of either two or three sections as 
in 6.2. The lower or the bottom container shall have four sides 
and a base, and the upper or the middle and top containers 
shall have four sides only. 



6 Test pieces 

6.1 The number of items to be tested shall be determined in 
accordance with ISO 5022 or another standard sampling plan. 

NOTE — In this connection, if each item (specimen) is of sufficient 
size, so that the two or three sections that make up a test piece can be 
cut from it (see 6.2 and figures 1 and 2), n tests can be conducted from 
n specimens; if the specimens are smaller and only one section can be 
cut from each of them, n tests will require 2/i specimens (for two- 
section test pieces) or 3n specimens (for three-specimen test pieces). 

6.2 Each test piece shall consist of either two or three 
identical sections not less in size than 200 mm x 100 mm x 

50 mm. 



NOTE — tt is recommended that the size of each section should be 
230 mm x 114 mm x 76 mm or 230 mm x 114 mm x 64 mm. 
Standard size bricks may thus be used as the sections of a test piece, 
subject to the requirements of 6.3. 

6.3 Each surface of a section of a test piece in contact with 
another section shall, if necessary, be ground so that the devia- 
tion from flatness between two points not less than 100 mm 
apart is not more than 0,2 mm. 

6.4 In dense materials, when a two-section test piece is used, 
two straight grooves for the measuring crosspiece (5.4) and a 
V-groove for the reference thermocouple (5.5) shall be machin- 
ed in the upper (contact) face of the lower section (see 
figure 2). When a three-section test piece is used, the grooves 
for the measuring crosspiece shall be machined in the upper 
face of the bottom section and the V-groove for the reference 
thermocouple in the upper face of the centre section (see 
figure 2). In either case neither the depth nor the width of the 
groove shall exceed 1 mm. 

NOTE — The position of the junction of the reference thermocouple in 
the upper (contact) face of the bottom piece shall be 5 mm from the 
230 mm edge and 10 mm or less from the bottom edge, 



7 Procedure 

7.1 Assemble the test piece (or test pieces if two or more 
tests are being conducted in parallel). In the case of a two- 
section test piece, place the measuring crosspiece (5.4) and the 
reference thermocouple (see 5.5) between the sections i.e. in 
the plane of the hot wire (see figure 2). In the case of a three- 
section test piece, place the crosspiece, with the hot wire, be- 
tween the middle and bottom sections and the reference ther- 
mocouple between the top and middle sections (see figure 1). 

7.2 With a test piece of a dense refractory, the crosspiece 
and the reference thermocouple shall be cemented in the 
grooves cut for them (see 6.4) using a cement made from a 
finely ground quantity of the test material mixed with a small 
amount of a suitable binder (for example 2 % dextrin and 
water). 

The cement shall be dried before the test is commenced. 

7.3 If the test is being performed on powdered or granular 
material, fill the lower or the bottom container (5.7) with the 
test material level with its top, and place on it the hot wire and 
crosspiece and, if a two-section test piece is being used, the 
reference thermocouple. Place an open container on top of the 
first and fill it with the test material ; if a two-section test piece 
is being used, this completes the test piece. If a three-section 
test piece is being used, place the reference couple in position 
over the middle section and place and fill the upper section in a 
similar manner. Determine the apparent bulk density of the test 
material in the poured, untamped state. 

7.4 Place the test piece or test pieces in the furnace (5.1), 
resting each piece (to ensure uniform heating) on two sup- 
ports, of the same material as the test piece, having dimensions 
125 mm x 10 mm x 20 mm, resting on a 125 mm x 10 mm 
face, and placed parallel to the 100 mm (or 114 mm) faces of 
the test piece and about 20 mm from those faces. 
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7.5 Connect the measuring circuits of each test piece to the 
measuring apparatus (see 5.5 and 5.6). 



7.6 With the hot-wire circuit open, raise the temperature of 
the furnace to the test temperature (the lowest of the test 
temperature if the test is being performed at more than one 
temperature) at not more than 10 °C/min. 

NOTE — Heating rates should be low enough to ensure that there Is no 
risk of thermal shock damage. 



7.7 With the power supply (5.3) connected to a dummy 
resistance equivalent in value to that of the hot wire, regulate 
the power input to a value that (from preliminary tests) is 
known to produce in the hot wire a temperature increase of not 
more than 1(X) °C in 15 min. 



7.8 When the furnace reaches the test temperature, verify 
that the temperature in the region occupied by the test pieces is 

uniform and constant. The variation between the temperatures 
indicated by the thermocouples connected back to back (the 
thgrmocouplB welded to the hot wire and the reference thermo- 
couple) shall not be more than 0,05 °C during the time of 
measurement. 



8 Assessment of results 

8.1 If the current in the hot wire has varied by more than 2 % 
during the test, the results shall be disregarded and the test 
shall be carried out again with a current of a smaller value. 

8.2 The rise of temperature of the hot wire with respect to 
time follows a logarithmic law. Recording the temperature rise 
as a function of time on semi-logarithmic paper should 
therefore produce a straight-line graph. If this is not the case, 
either the material does not fulfil the conditions necessary for 
this test and the results have no significance, or an operating 
error has been made and the test shall be repeated. 

8.3 If the plot of temperature against time (as in 8.2) is non- 
linear at the lower end, this may be due to the influence of the 
material surrounding the hot wire. A valid result may possibly 
be obtained by choosing another value for ?,. 

8.4 If the plot of temperature against time (as in 8.2) is non- 
linear at the upper end, this may be due to the diffusivity of the 
material under test having too high a value. A valid result may 
possibly be obtained by choosing another value for f2- 



7.9 When the conditions of 7.8 are satisfied, close the hot- 
wire heating circuit and from that moment measure the elapsed 
time and make a continuous record of the temperature of the 
hot-wire, if not using an automatically controlled supply. 
Measure and record the voltage drop across the hot wire and 
the current in it immediately after switching on the heating cir- 
cuit and at intervals of 2 min, including the moments when the 
elapsed time reaches the values f^ and t2 selected when 
calculating the result (usually 2 min and 10 min). 



7.10 After the measuring time, normally 10 to 15 min, switch 
off the heating circuit current and allow the hot wire and test 
piece to come to a temperature equilibrium. 



9 Expression of results 

9.1 Method of calculation 

The thermal conductivity of the material at each test 
temperature. A, is given, in watts per metre kelvin, by the 
equation 



A = :^ X '" '''^''' 



4n A^2 - '^^i 



7.11 Verify the uniformity and constancy of the temperature 
in accordance with 7.8. Repeat the procedures of 7.9 and 7.10, 
so obtaining a further measurement of the rate of rise of the 
temperature of the hot wire under the same conditions. 



7.12 Repeat the procedure described in 7.11, so obtaining a 
third measurement of the rate of rise of the temperature of the 
hot wire under the same conditions. 



7.13 If the test is also being performed at one or more higher 
test temperatures, raise the temperature of the furnace to the 
next higher test temperature at not more than 10 "C/min. Per- 
form again the tests specified in 7.7 to 7.12, so obtaining three 
measurements of the rate of rise of temperature of the hot wire 
at that test temperature. 

7.14 Repeat the procedure specified in 7.13 until three 
measurements of the rate of rise of temperature of the hot wire 
have been obtained at each of the required test temperatures. 



47t A&2 - '^^l 



where 



/ is the heating current, in amperes; 

V is the voltage drop per unit length of the hot wire, in 
volts per metre ; 

R Is the electrical resistance per unit length of the hot wire 
at the test temperature, in ohms per metre; 

/, and /j are elapsed times, in minutes, after closing the 
heating circuit; 

A 0, and A 02 are the increases in temperature, in kelvins, of 
the hot wire, after the closing of the heating circuit, at times 
/, and /j. 
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9.2 Repeatability 

On the basis of the results obtained with the different sets of re- 
quirements known to be in use, the repeatability of the method, 
assessed by its coefficient of variation, is of the order of 8 %. 



10 Test report 

The test report shall include the following information : 

a) the testing establishment; 

b) the date of the test; 

c) a reference to this International Standard, i.e. "Deter- 
mination of thermal conductivity by the hot-wire method in 
accordance with ISO 8894-1"; 



d) the material tested (manufacturer, product, type, batch 
number, etc.); 

e) in the case of bonded bricks or unfired bricks, the pre- 
treatment given to the test pieces <see the note in 1.3). 

f) in the case of unshaped or loose materials (poyvders or 
granular materials), the method of preparing the test pieces 
and the apparent bulk density of the material (i.e. its bulk 
density in the poured untamped state}; 

g) the furnace atmosphere; 

h) the test temperature or temperatures, and for each of 
them the three individual values and the mean value of ther- 
mal conductivity determined by the test. 

NOTE — The individual values are used to establish the mean 
value, and the mean value is used in further statistical analysis, for 
example in accordance with ISO 5022. 
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Figure 1 — Location of the measuring and heating circuit 
(reference junction in the measuring test piece) 



Figure 2 — Location of the measuring and heating circuits 
(reference junction in the covering briclcl 
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Figure 3 — Schematic diagram of measuring apparatus 
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